The proliferation of vaporization ('vaping') as a method for administering cannabis raises many of the same public health issues being debated and investigated in relation to e-cigarettes (e-cigs). Good epidemiological data on the prevalence of vaping cannabis are not yet available, but with current trends towards societal approval of medicinal and recreational use of cannabis, the pros and cons of vaping cannabis warrant study. As with e-cigs, vaping cannabis portends putative health benefits by reducing harm from ingesting toxic smoke. Indeed, vaping is perceived and being sold as a safer way to use cannabis, despite the lack of data on the health effects of chronic vaping. Other perceived benefits include better taste, more efficient and intense effects and greater discretion which allows for use in more places. Unfortunately, these aspects of vaping could prompt an increased likelihood of trying cannabis, earlier age of onset, more positive initial experiences, and more frequent use, thereby increasing the probability of problematic use or addiction. Sales and marketing of vaping devices with no regulatory guidelines, especially related to advertising or product development targeting youth, parallels concerns under debate related to e-cigs and youth. Thus, the quandary of whether or not to promote vaping as a safer method of cannabis administration for those wishing to use cannabis, and how to regulate vaping and vaping devices, necessitates substantial investigation and discussion. Addressing these issues in concert with efforts directed towards e-cigs may save time and energy and result in a more comprehensive and effective public health policy on vaping.
INTRODUCTION
A quick PubMed search reveals multiple editorials and many studies highlighting the controversies and concerns related to electronic cigarette (e-cig) use, particularly in the context of tobacco regulation policy and impact on youth [1] [2] [3] [4] [5] [6] . The crux of the dilemma pits potential harm reduction benefits of e-cigs (i.e. vaporizing nicotine can reduce smokingrelated respiratory illnesses and mortality, and potential for use as a quit smoking aid) against unknown potential harms (i.e. health impact of long-term inhalation of aerosol, inadvertent impact on increasing or maintaining use of nicotine or tobacco and intentional or unintentional promotion of a pathway to tobacco smoking for youth). For those attending to the changing landscape of marijuana (cannabis) use, strikingly similar apprehensions related to the proliferation of the vaporization (vaping) of cannabis products jump off the page. The scientific and regulatory communities, however, have been slow to connect these issues; the mention of vaping devices designed for cannabis or the potential to use cannabis products in an e-cig device rarely receives more than a sentence or two in the discussion of e-cigs.
For those less familiar, 'vaping' is the slang term for the vaporization of substances (e.g. flavors, nicotine or cannabis products) whereby liquid, oil or plant material is heated to a temperature that releases an aerosolized mixture of water vapor and active ingredients [e.g. nicotine in e-cigs and tetrahydrocannabinol (THC) or cannabidol for cannabis], which is then inhaled. This method of administration avoids combustion of the substance and the inhaling of smoke, which contains carbon monoxide and other by-products of combustion. Vaping, whether of nicotine, cannabis or other substances, has risen in popularity, such that the Oxford Dictionary designated 'vape' the word of the year in 2014. One can glean a sense of the emergence and magnitude of vaping cannabis products in current-day culture by typing 'cannabis vape' or 'cannabis vaping' into an internet search engine and viewing a plethora of information, promotional advertisements and instructional videos ( Fig. 1 ). Good epidemiological data on the prevalence of vaping cannabis are not yet available, but concerns about cannabis vaping would surely be warranted if its proliferation parallels what has been observed with e-cigs among youth and adults globally [7] . More than 450 brands of e-cigs are available world-wide, and an estimated 3 billion dollars were spent on e-cigs globally in 2013. Among US high school students, from 2011 to 2014 a ninefold increase in e-cig use (1.5-13.4%) was reported, with a similar increase observed in middle school students, and e-cigs emerged as the most common method for using 'tobacco' in both age groups [8] .
With current legislation and regulatory shifts trending towards societal approval of recreational and medicinal use of cannabis in the United States and other countries [9, 10] , the pros and cons of vaping cannabis warrant careful investigation. Here we seek to heighten awareness, understanding and discussion that might prompt scientific, regulatory and public examination of this emerging method of using cannabis.
THEORETICAL BENEFITS OF VAPING
Little enough is known about the health benefits of e-cig use, but almost nothing is known about health benefits that might accrue from vaping cannabis. As with e-cigs, vaping cannabis may reduce negative health effects associated with inhalation of cannabis smoke by delivering desired cannabinoid compounds more efficiently and with fewer carcinogenic byproducts. Vaping cannabis reduces the ingestion of smoke-related toxins and carcinogens such as carbon monoxide, tar, ammonia and hydrogen cyanide that are typically inhaled when smoking cannabis [11] [12] [13] , and cannabis users perceive vaping to be safer or less harmful to their health compared to combustible smoking methods [14, 15] . Indeed, cannabis users report having more respiratory problems than non-users [16] , and replacing smoking with vaping is likely to reduce this known harm. Vaping cannabis has been associated with fewer reports of respiratory symptoms [17] , but there have been no clinical trials that experimentally assigned vaping to a sample of cannabis smokers.
Another theoretical advantage of vaping is limiting the exposure of others to cannabis smoke. Even less is known about the health impact of second-hand cannabis smoke, but this will become an issue in countries and US states where use is legal and becomes common in public places. Limiting the exposure of others to second-hand smoke may be particularly salient to those seeking to use cannabis for medical conditions, where delivering a desired dose more efficiently and with less exposure to non-using family members is desired [18] . Just as governing bodies currently have to examine how smoke-free laws apply to e-cig users, they will now have to examine how these laws apply to those who smoke or vape cannabis.
Those who vape cannabis identify non-health benefits of this practice as well [14, 15] , indicating that it tastes better than smoking, is more discreet (no smell), with some feeling that they gain more of the desired positive effects from using less cannabis (increased delivery efficiency). This suggests that vaping may afford a more pleasurable experience that can be enjoyed in more places without disturbing others, and for lower cost. The question is how these attributes, along with the perception of vaping as a safe or healthy method for using cannabis, will impact upon frequency and quantity of cannabis use and the likelihood of trying it among non-users-especially adolescents. For us, these queries raise important concerns.
POTENTIAL DOWNSIDE OF VAPING
When discussing e-cigs, the term 'double-edged sword' frequently appears when weighing the benefits and risks. Vaping cannabis affords a similar quandary and trepidations. Multiple studies indicate that reductions in perceived risk of harm may lead to earlier initiation of use of many types of substances (including cannabis), increased frequency or quantity of use and decreased motivation to quit or reduce use [19, 20] . All these issues are being played out in the e-cig literature, which is indicating that e-cigs are recruiting adolescents with lower-risk profiles than tobacco smokers [21] . It is not yet known whether experimentation with e-cigs puts these intermediate-risk youths at risk for transition to combustible use, although one longitudinal study points to increased risk [22] . Additionally, because it takes 2-3 years for adolescent experimenters to transition to regular smoking, it is too early to take solace in the fact that regular cigarette smoking among adolescents continues to decline in most countries. Finally, several studies suggest that e-cigs may also be failing to deliver on initial hopes that these products would greatly reduce or eliminate the use of combusted products among addicted smokers [23, 24] , although smokers are clearly hearing mixed messages on the harms and benefits of e-cigs from the public health community.
The decrease in perceived risk and potential concomitant increase in cannabis use associated with vaping cannabis may become even more consequential than that for e-cig and tobacco or nicotine use. With regular tobacco use, the primary and arguably sole harm is the adverse effects of smoke inhalation on physical health (e.g. cancers, cardiovascular and pulmonary disorders); if used exclusively, e-cigs could eliminate most of this risk. Typically, regular users of cannabis use cannabis less frequently than regular cigarette users use tobacco, which results in comparatively fewer harm concerns for lung cancer and chronic lung disease among cannabis smokers. The harms generally of most concern with cannabisespecially among youth-are those associated with misuse and addiction. These are the behavioral, psychological and neurocognitive consequences of repeated or chronic intoxication (e.g. increased risk behaviors, poor school or job performance, family and interpersonal problems, accidents, memory and motivational problems, development of addiction [25] ). Vaping of cannabis has no foreseeable positive impact on these harms. Instead, the aforementioned positive attributes of vaping will probably contribute to increases in the frequency of use and misuse and have an adverse impact on public health by increasing the risk of these well-documented consequences of cannabis misuse.
Epidemiological, clinical and laboratory research demonstrates that risk factors for and characteristics of cannabis use disorders are comparable to other substance use disorders, and that its addictive potential is slightly lower, but certainly not negligible [25] [26] [27] [28] [29] . As discussed above, vaping, through its safer label, better taste and elimination of ingestion of harsh smoke, could prompt earlier age of onset and provide a more positive first experience with cannabis, both of which are associated with escalation and development of substance use problems [30] [31] [32] . Secondly, to the extent that vaping devices provide more efficient and perhaps more intense effects for less effort and cost, the use of these devices will probably impact frequency of use and thereby contribute to the development of problematic use or addiction. Most certainly, such 'positive' features of vaping devices will become part of promotional marketing strategies, and this could further drive greater use. Signs of such marketing practices already appear on the internet, and many such advertisements clearly target youth (if you have not yet performed the suggested internet search, we suggest you do; see Fig. 1 ).
Vaping devices are being promoted not just to accommodate cannabis plant material, but also for use of new, high-potency cannabis concentrates (e.g. honey oil, wax, shatter). Concentrates are created by extracting active cannabinoids from cannabis plant material using one of several solvents, most frequently butane. This extraction process can take place almost anywhere and, due to the highly volatile nature of the solvent, has led to reports of burns and explosions [33] . Moreover, because the extraction process is not regulated, the purity and potency of these concentrates is frequently unknown. Currently we have no empirical data on the effects of administering high-potency cannabis products with a device that potentially maximizes intensity of cannabis effects, although some recent data have linked frequent use of high-potency cannabis to risk of earlier-onset psychosis [34] . Generally, experience from other substances suggests that increases in potency and delivery efficiency enhance misuse and addiction. Also, mixing cannabis with tobacco is already one of the more common methods of using cannabis in many parts of the world [35] . To the extent that vaping devices promote smoking a tobacco-cannabis mixture, they may result in more frequent cannabis and tobacco administration.
Anxieties about the rapidly growing vaping industry's product development and marketing practices that parallel the historic concerns with big tobacco companies cannot, and should not, be dismissed [36, 37] . The US market for legal cannabis showed an estimated growth 
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Author Manuscript from 1.5 billion in 2013 to 2.7 billion in 2014 alone, and this was with only a limited number of states having operational dispensaries for medical or recreational cannabis. The vaping industry is developing rapidly alongside the legalized cannabis market (and e-cig market), and a growing lobby is already petitioning against regulation of these devices. As is the case with other recreational and medicinal substances, the goal of those who make and sell these products is to encourage as many people as possible to use cannabis products, and to use a great deal of the product. That is, their aim is to design products and marketing strategies that have the best chance of creating a market of addicted regular users. We have already observed the nascent e-cig industry develop third-and fourth-generation devices that capitalize on more effective and efficient delivery of nicotine, and an explosion in the availability of flavor choices and competitive marketing.
Another concern raised about e-cigs is the implications of the development of a cool 'vaping culture' that could lead to escalation of the repeated and chronic use of devices with unknown health effects [1] . Vaping of substances in addition to nicotine (flavors, cannabis) could certainly contribute to escalation of this cultural trend and probably result in the interchange or combining of materials used in vaping devices. Adding flavors to make more palatable products is a long-standing practice of the alcohol, tobacco, and now the vaping industry. Finally, e-cig use and cannabis vaping, along with legalization of cannabis products, are likely to make the depiction of vaping behaviors more public, which could reverse the progress that has been made in the de-normalization of smoking through smokefree ordinances that have eliminated smoking in the work-place, restaurants and bars in many communities. One can imagine a future where e-cigarette, vape shop and hookah venues merge with some equivalent of the Amsterdam coffee shop and the traditional bar scene, promoting the use of all three drugs (alcohol, nicotine/tobacco and cannabis) in one venue.
Regular and frequent vaping of any substance not only incurs the risks associated with misuse of the substances, it also creates uneasiness about the unknown effects of repeated and long-term use of vaping devices. Vaping liquids typically include carrier compounds such as propylene glycol and glycerol, and devices can vary in their levels of delivery of toxicants into the lungs and into the air, depending on the material from which they are constructed (e.g. plastic, metal, glass) and their heating capacity. With cannabis, for example, vaping devices such as the Volcano have superior temperature control but are expensive (>$600). More economical units suffer from poor temperature control, resulting in a wide range of cannabinoid to by-product ratios [13] and perhaps mitigation of the purported harm reduction aspects of vaping. The proliferation of sales of diverse types of vaping devices from many manufacturers, with no regulatory guidelines in place, would seem to increase the probability of experiencing adverse effects, which will vary across devices and patterns of use.
Current knowledge suggests that, in the short term, inhaling vapors (aerosol) portends substantially less harm to the lungs than inhaling smoke; but it would seem wise to consider the history of tobacco as a harbinger of things to come. It took many years to recognize the harm inherent in tobacco smoke, in part because industry used its profits to conduct public relations campaigns that undermined the science implicating their products as harmful and found ways to engage health-conscious smokers with seemingly healthy products, such as filters and low tar cigarettes. These cigarette modifications seemed like a good idea on first inspection but resulted in harming the health-conscious smokers who adopted their use. The same caution applies to potential health consequences of vaping.
Our comments here are not intended as a diatribe against vaping or the legalization of cannabis. Instead, we wish to enhance awareness and generate discourse and studies regarding the rapidly growing phenomenon of vaping of cannabis. Rapid industry growth urgently necessitates addressing whether or not to promote vaping as a 'safer' method of cannabis administration, and how to regulate these products. We suggest that such considerations be contemplated and investigated in conjunction with current activities to understand the impact of vaping nicotine and the regulation of e-cigs. Most regulatory issues related to manufacturing, sales and use of vaping devices are relevant to both substances. Moreover, the common phenomena of concurrent or simultaneous use of tobacco and cannabis will probably impact upon consumer choices of vaping devices and how they are used. Finally, policymakers need to consider the risks and benefits of policies designed to maintain vaping as a small business versus allowing large corporate interests to acquire vaping companies. For example, one advantage of small businesses is that they are less likely to undertake massive national marketing campaigns that drive consumption-and one advantage of large corporations is that they have the resources to address regulatory constraints around testing and quality control of the product. Addressing these issues simultaneously with all vaping products would save time and money, and result in a more comprehensive and effective public health policy, as well as consistency in messages to the public regarding the health implications of vaping. 
